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S U M M A R Y  

by S. I. Syrovatskiy 

A mechaniam of rldynamicfl d i s s ipa t ion  of the magnetic f i e l d  is 
suggested, which leads  t o  d i r e c t  magnetic energy transfer i n t o  the energy 
of fast  pa r t i c l ee .  This  mechanism c o n s i s t s  in t ha t ,  under s p e c i f i c  condi- 
t i o n s ,  the motion of the conducting medium l eads  t o  the  emergence of regions 
with a great magnetic f i e l d  gradient and a simultaneous high r a re fac t ion .  
I n  such regions,  the  cur ren t  m a x i m u m ,  which may be assured by the conducting 
medium, is i n s u f f i c i e n t  f o r  the preservat ion of t h e  magnetic f i e l d  gradients.  
A s  a r e s u l t ,  t he re  appeallls a s t rong  e l e c t r i c  f i e l d  acce le ra t ing  the  charged 
p a r t i c l e s .  The reserve of the  remnant magnetic energy passes i n t o  k i n e t i c  
energy of charged pa r t i c l e s .  

pa t ion  condi t ions may be r ea l i zed  a t  chromospheric f l a r e s  on t h e  Sun, i n  
turbulen t  s h e l l s  of supernovae, in exploding g a l a c t i c  nuc le i  and in radio- 
ga lax ies ;  they may a l so  be mater ia l ized i n  the  Earth 's  magnetosphere and in 
c e r t a i n  labora tory  experiments. For such objects ,  the dynamic d i s s i p a t i o n  
apparent ly  serves  as the basic  accelerat ion mechanism of p a r t i c l e s  t o  greater 
enerp ies  and, in par t i cu la r ,  of c o s ~ c  r a y  generation.. 

The appl ica t ion  of the obtained cr i ter ia  shows t h a t  dynamic d i s s i -  

* * *  
A s e r i e s  of events a r e  known in the  cosmio plasma, f o r  which there  

is e i t h e r  observed, or has t o  be beecapably  admitted a process of r ap id  
magnetic f i e l d  d i s s ipa t ion  accompanied by the eaergence of high-energy par- 
t i c l e s .  To such events w e  refer :  the supernova b u r s t s ,  the  explosions of 
g a l a c t i c  n u c l e i  and of radiogalaxies ,  at which high-energy cosmic rays are 
emerging [l]; s o l a r  chronospheric f la res  generating sub-cosmic p a r t i c l e s  
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and cosmic r ays  of moderate energies  C2, 33; the  appearance of fast par- 
t i c l e s  I n  the  magnetosphere and its train [4, 51 and a l s o  c e r t a i n  processee 
i n  labora tory  plasma, at which neutron and hard r a d i a t i o n  appear C63. 

A l l  these events  are l inked with e e e e n t i a l l y  nonstationary dynamic 
processes i n  the plasma with t h e  presence of in tense  magnetic f i e lds .  A t  

present ,  the most p r a c t i c a l  object  for the  Study of such processes a re  the 
chromospheric f l a r e s  on the  Sun; t h i s  is explained by the l a r g e  valume of 
accumulated information and by comparatively favorable p o s s i b i l i t i e s  f o r  
complex observations. As a concrete example we s h a l l  emphasize below on 
the chromospheric flares, though t h e  r e s u l f  a c t u a l l y  do have a more gene- 
r a l  scope. 

The d i s s ipa t ion  and the  changeover of the  magnetic f i e l d  during 
f l a r e s  on the Sun, as wel l  at3 t h e  acce le ra t ion  of p a r t i c l e s  last f o r  
102 - 103 set, whereas the spatial s c a l e  of the  event c o n s t i t u t e s  from 
109 t o  lo lo  cm. This  means t h a t  the  process unfolds with a ve loc i ty  up t o  
lo8 cm/sec, t h a t  is, with a ve loc i ty  corresponding t o  fas t  magnetohydrody- 
namic waves i n  the magnetic f i e l d s  of sunspots. I f ,  at the sane t i m e ,  we 
have i n  mind p a r t i c l e s  with energy of s e v e r a l  hundred MeV and higher,  t he  
energy of acce lera ted  p a r t i c l e s  f o r  powerful f l a r e s ,  t h a t  is, -10 erg,  
c o n s t i t u t e s  the  e s s e n t i a l  pa r t  of t he  t o t a l  energy y ie ld ,  which is erg. 

30 

As is shown by the c loses t  considerat ion,  the d i s s ipa t ion  of the 
magnetic f i e l d  in t h i s  process cannot be viewed as a Joule d i s s ipa t ion  [7] 
( t h e  meaning of t h i s  term i s  c l a r i f i e d  i n  #3).  On the o ther  hand, t he  
br ief  appearance of energe t ic  p a r t i c l e s  coul 
nected with s t rong  electric f i e l d  C8, 93. However, because of high plasma 
conductivity,  such f i e l d s  cannot be assumed under s tandard conditions.  

most n a t u r a l l y  of a l l  be con- 

A l l  the  above-said l ead6  t o  the conclusion of the exis tence of a 
s u b s t a n t i a l l y  more e f f e c t i v e  d iss ipa t ion  mechanism, which may, under speci-  
f i c  condi t ions,  ensure a rap id  transformation of  magnetic energy i n t o  the 
energy of accelerated pa r t i c l e s .  It w i l l  be shown below t h a t  f o r  a nonstat io-  
nary plasma such a mechanism does e x i s t  indeed, and the condi t ions f o r  its 
r e a l i z a t i o n  w i l l  be ascer ta ined,  Inasmuch as the plasma dynamics as a whole 
i s  c lose ly  l inked  with t h a t  of separate  p a r t i c l e s ,  we s h a l l  designate i t  i n  
the following, i f  only f o r  brevity,  as a dynamic d i s s ipa t ion  mechanism. 
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1. - 'PWO-DIMENSIONAL MAGNETOHYDRODYNAMIC FLOWS 

In connection with the problem of s o l a r  f lares  the  dynamics of t he  
magnetieed plasma w a s  t he  ob jec t  of considerat ion in a ser ies  of works. 
Thus, i n  the  work [lo], consideration wa8 given t o  the one-dimensional pla8ma 
compression in the  v i c i n i t y  of the siero o r  n e u t r a l  magnetic f i e l d  plane. 
However, a8 was subsequently shown in [ll], It was imposeible t o  agree with 
the conclusion obtained in [lO]on the i n s t a b i l i t y  of t he  magnetohydrodyna- 
mic equi l ibr ium near  the n e u t r a l  plane. The a i -d imens iona l  compression leads 
ei ther  t o  a new etate of magnetohydrodynamic equilibrium, o r ,  when tak ing  
i n t o  account the nonadiabadicity of the compression, (see [13]) - t o  a oom- 
press ion  with a ve loc i ty  determined by the rate of heat  removal from the 
system. In t h i s  connection, any rapid change-over and d i s s i p a t i o n  processes 
of the magnetic f i e l d  should a t  any rate be rrought f o r  in the  category of 
two-dimensional flows. 

The first s t e p  in t h i s  d i r ec t ion  w a s  made i n  the work C143, i n  which 
the  ami-dimensional s t a t i o n a r y  plasma compression w i t h  t he  f i e l d ,  t ak ing  i n t o  
account the plasma outflow i n  t h e  t ransverse d i r e c t i o n  along the  l aye r ,  iS 
t r e a t e d  approximately. In t h i s  cme, the  d i s s ipa t ion  a t  the expense o f  f i e l d  
gradienta increase,  may be increased; however, i t  w i l l  remain Joule-type, 
without providing a s u f f i c i e n t l y  rap id  transformation of the magnetic energy 
i n t o  the  thermal energy [7], without even speaking of absence in such a 
scheme of condi t ions for the generation of fast  p a r t i c l e s .  

An essen t i a l  s t e p  forward in the development of the model c14] w a s  
made in c151. 
pression near  t he  n e u t r a l  po in t  was considered, tak ing  i n t o  account the in- 
c l ined  magnetohydrodynamic waveis. This  scheme allows t o  convert the  energy 
of the  magnetic f i e l d  i n t o  the energy of heated gas at an apparently s u f f i -  
c i en t  rate, aa a r e s u l t  of the  Joule dfss ipa t ion ;  in t h i s  way i t  can explain 
the r ap id  hea t ing  and the  e j ec t ions  of plasma in the  region of s o l a r  flares. 
A t  the  same t h e ,  the quest ion of fast p a r t i c l e  generation, alongside with 

a ser ies  of o the r  p e c u l i a r i t i e s  c h a r a c t e r i s t i c  of flaree, remains open, f o r  
i t  cannot be explained by t h i s  model. 

In the l a t t e r  work the two-dimensional s t a t i o n a r y  plasma com- 
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Considered in the model [l5] wae an e a r l i e r  assigned s t a t i o n a r y  
flow p a t t e r n  near the n e u t r a l  point, appearing t o  be a genera l iza t ion  of 
the pa t t e rn  considered i n  [14]. A t  the  same time, the question of the emer- 
gence of prec ise ly  such a flow has been se t  aside. 

more general ized two-dimensional problem of magnetized plasma flow, emerging 
from the  given i n i t i a l  s t a t e ,  

I n  t h i s  connection i t  appears t o  be indispensable t o  consider a 

Let us consider the two-dimensional flows for which the  ve loc i ty  
3 

vectors  
H = {Hx, % , 0) are p a r a l l e l  t o  t h e  plane ( r , y )  and, besides  the time 4, 
are dependent only on the coardinates x and y It is p r a c t i c a l  t o  intra- 

duce f o r  such a case the vector-potent ia l  of the magnetic f i e l d  A, such t h a t  

v={u);c, Vy, 0 )  and the i n t e n s i t i e s  of the magnetic f i e l d  - 
-v 

+ 

2 = 10, 0 ,  A ( x ,  7)) 

7s 4111 rot H = 
(1)  * H = r o t  -* A = [VAp;] ={A a A  0 )  

C + UP, -41c 
d is a u n i t a r y  vector  where j is the cur ren t  density in the  plasma, 

along the axis I. With such a determination of the vector-potent ia l  t he  
equation of the  magnetic f i e ld ' s  l i n e  of force  is S h p l Y  

4 

A (x, y) = const (2) 

and the magnetic flux in t h e  tube bounded by the l i n e s  of fo rce  A (x, y) = A 1  

and A ( x ,  y = A2 is equal t o  

J 
AI 

In these denotations the  magnetohydrodynamics equation w i l l  take the  form: 

where p and f a re  respect ively the gas pressure and the  plasma densi ty ,  
the d i s s i p a t i v e  terms being dropped. 
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The first two equations have i n t e g r a l s  which are easy t o  f ind ,  

paesing t o  h g r a n g e  aoordinatee. Precisely,  t h e  con t inu i ty  equation is 
reduced t o  

+ 
where yo ( 3 )  is the  plasma density at the  time t = 0,  l ( r ,  t) is t he  vector 
of t he  i n i t i a l  pos i t ion  s h i f t  for a p a r t i c l e  s i t u a t e d  at the  moment of time 
t a t  the  poin t  3, and D ( T e ) / D  ($1 are the  Jacobi  t ransformations from 
the  coordinates  f, =t - Jtr, t) t o  coordinates  3. 

of "freeae-in", according t o  which, at medium's motion, the magnetic l ine 
of force  remains l inked  wi th  the eame p a r t i c l e s  of the  medium. If A, (1) 
is  the  value of the  vector-potent ia l  at the  i n i t i a l  moment of time, then 
a t  the  moment of time f we shal l  have 

A($, t) - A, C; - J(T, t ) ]  

Therefore, for a w e l l  known plasma s h i f t  

-b 

The second of the equations (4) expressed t h e  wel l  known condi t ion 

-t 

( 6 )  
-c 

(?, t )  the equations ( 5 )  
and (61 determine the dens i ty  of t h e  plasma and the l i n e  of force  pa t t e rn  
of the  d i s t o r t e d  magnetic f i e l d  d i r e c t l y  for any moment of time. 

I n  order  t o  determine the s h i f t  f (g, t )  (or the  v e l o c i t i e s  of the 
medium w ( r ,  t )  ~t d l  / d t )  one mmt, however, reso lve  the e n t i r e  system of 
equations (4) w i t h  the corresponding i n i t i a l  conditions.  Because of the 

non l inea r i ty  of the  equations, t h i s  problem is found t o  be very complex.in 
the  general  case. Alongisde w i t h  t h i e ,  the  system (4) may, under s p e c i f i c  
c o n d i t i o n s ~  be considerably simplified.  

+ 

9 -  -+ 

Let us  examlne, first of all ,  the  motion of 
where the condition 

lY2 
&L 

p (< -.- 
81t 

I n  such regions the dynamics of the plasma i s  p r a c t  

plasma Ln 

,cal ly  e n t  

regions , 

( 7) 
r e ly  de ter -  

mined by magnetic i n t e n s i t i e s ,  so t h a t  the  term in the last equation (4) 
containing the pressure gradient,  may be dropped. A s  a r e s u l t ,  w e  have 
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The condi t ion (7) is equivalent t o  the  condi t ion 

where e2 I) ( a p  /a? 
in the  plasma, and VA e H / C j  - is the c h a r a c t e r i s t i c  magnetohydrodynamic 

re: Yp /f i e  the square of sound,s ad iaba t i c  v e l o c i t y  

( U f v h )  veloci ty .  
As may be seen from the equation (8) t h e  plasma accelerat ion,  and 

consequently, a t  s m a l l  per turbat ion the s h i f t  
t he  magnetic l i n e s  of force,  t h a t  is, along vA. A t  the  same time i t  is easy 

t o  a s c e r t a i n  t ha t  t he  per turba t ion  propagates i n  the  pla6ma with ( l o c a l )  
A l f v h  veloci ty .  L e t  us consider,  in r e a l i t y ,  t he  s m a l l  per turba t ion  of the  
in i t ia l  state of equilibrium 

T($, t ) ,  are d i rec ted  across  

9 
V' =e: 0, 

Then, we s h a l l  ob ta in  for the q u a n t i t i e s  

p P po P const ,  p = Po - const, 4 A 0  (x, 7) - 0.  
--* 
V ,  A, and p,, charac te r i -  

z ing  the small perturbat ion,  froa the eqaat ione (4) in l inear  approximation: 

+ 
a t  

aA' + - = - VVA, at 

Hence 

As is c l e a r l y  seen from (11). when neglec t ing  the dens i ty  gradient,  t h a t  is, 
a t  f u l f i l l m e n t  of the condition (91 ,  the per turba t ions  of the magnetic f i e l d  
spread with l o c a l  magnetohydrodynamic v e l o c i t y  VA , where 

2 
2 BO 

/ Eo ia the i n t e n s i t y  of the  unperturbed Vf = (VAo) /4nfo = - 
+PO magnetic f i e l d .  
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As t o  plasma s h i f t s  along the  nagnetio f i e l d ,  t h a t  is, in di rec t ion6  
f o r  which JvA re 0, such per turbat ions,  88 may be seen from (10) - (111, 
correspond t o  dens i ty  disturbances propagating orith the  sonie  speed along 
the  l i nes  of force ,  t h a t  is, by the s t r e n g t h  of ( 9 ) -  e u b s t a n t i a l l y  elower 
than t h e  t ransverse  per turbat ions.  

Thus, at f u l f i l l m e n t  of the conditions (7). (91, the  per turba t ion  
of the  i n i t i a l  state of equilibrium leads in the  first place t o  eetabl ieh-  
ment of a c e r t a i n  r ap id  (with ve loc i ty  VA) quasi-equilibrium state by way 

of s h i f t  across  the l i n e s  of force,  and only then-  s u b s t a n t i a l l y  slower 
( tha t  is, with the  speed of sound $ ) t o  the  establishxnent of equi l ibr ium 
along the lines of force. 

As may be seen from t he  equation (81, the condi t ion f o r  t he  Vzans- 
verse  qua&icquilibriumtl hats t h e  form 

T h i s  condi t ion simply implies  tha t  when neglect ing plasma pressure,  only 
a f r e e  ( cu r ren t l e s s )  f i e l d  may be equilibrium.. 

s u f f i c i e n t l y  slowly by comparison w i t h  the Alfvdn veloci ty ,  bu t  s u f f i c i e n t l y  
r a p i d l y  by comparison with the speed of sound (sonic  ve loc i ty) .  By the 
s t r e n g t h  of ( 9 )  such a region does exist. Then from the equation (8) we may 
drop the  accelerat ion,  tha t  is, we may estimate the deformation as being 
a d i a b a t i c a l l y  slow. A t  the  same time, the  system will pass through a cont i -  
nuous s e r i e e o f  quasiequilibrium states s a t i s f y i n g  the equation (12). This  
equation, alongside w i t h  the ttfreete-in" condition ( 6 )  and the  condi t ion for 
s h i f t  6 l t t ransversa l i ty"  

We s h a l l  estimate that the boundary condi t ions  of the  problem r y  

* 
allow t o  determine the  s h i f t  
s0UTces. 

(F, t )  for any given dosplacement of f i e l d ' s  

In the considered two-dimensional case the so-called force-free f i e l d s ,  
with cu r ren t  dens i ty  d i f f e r e n t  from zero,do not  e x i e t .  
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2, -DEFORMATION OF THE MAGNETIC FIELD IN THE 
VICINI'l!Y OF ZERO (NEU'I'RAL) POIlpTS 

If we have I n  mind a rap id  d i s s ipa t ion  ( t h e  term "annihilation" 
of the  magnetic f i e l d  is sometimes used), i t  is most n a t u r a l  of a l l  t o  
l i n k  i t  w i t h  the zero (neu t r a l )  points,  inasmuch a.6 a t  such poin ts  magne- 
t i c  f i e l d s  of opposite d i r ec t ions  join. Attent ion t o  the  r o l e  of n e u t r a l  
po in t s  i n  the s o l a r  f l a r e  events  was first drawn by ( f iovanel l i  C163. 
Subsequently, numerous observations in t h a t  d i r ec t ion  were conducted by 
Severnyy ClO3 .  

In the  f i r s t  approximation the magnetic f i e l d  of b ipolar  groups 
of s o l a r  f l a r e s  i n  the chromosphere m y  be considered as a f i e l d  of the 
magnetic dipole. The n e u t r a l  points  emerge in the presence of two or more 
such groups (mult ipolar  groups) In  places  where the magnetic f i e ld8  of 
separa te  p a i r s  of spots  have the opposite direction. 

It is e s s e n t i a l  f o r  the following t h a t  only events  near the n e u t r a l  
point  are  t o  be considered and t h a t  t h e  concrete form of f i e l d  sourcee 
plays no part! t h a t  is why we s h a l l  coneider, f o r  t h e  sake of s impl i c i ty ,  
a n e u t r a l  po in t  having emerged between two p a r a l l e l  currents .  

Let two p a r a l l e l  cu r ren t s  of equal s t r eng th  I o b e  s i t u a t e d  at the 

po in t s  21 along the axis I: (Fig,  1). Let us choose the  vec tor -poten t ia l  
of these cur ren ts '  magnetic f i e l d  in the  form: 

Expanding (14) i n  s e r i e s  x ,  y near the point  XI 0, y =  0, we obtain a t  
r 2 =  x2 + $6 1 

The point  x = O ,  y = O  is here the  zero point  of t he  s implest  type (type-X) 
ho is the gradient  of t he  absolute value of magnetic f i e l d  i n t e n s i t y  near 
t he  n e u t r a l  point  (ho 10 4 Io / c )  
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We s h a l l  consider t h e  gat3 pressure and the pl- dens i ty  at t h e  
i n i t i a l  s ta te  ae constant,  t h a t  is, 

p ( x ,  y) = po = const. j(x9 y) = fo = const (16) 

The c h a r a c t e r i s t i c  parameter of t he  problem is t h e  dis tance re, 
t h e  Alfvdn ve loc i ty  becomes equal t o  the  speed of sound, namely, 

over which 

where is adiabate  ind ica tor ,  X is the  Boltemann constant. 
A t  the same time the square of the A l f v h  t o  eonic ve loc i ty  r a t i o ,  as a 
func t ion  of the  dis tance from the neu t r a l  point ,  is 

If the  i n t e n s i t y  of t he  magnetic f i e l d  is s u f f i c i e n t l y  great while t he  densi- 
t y  of t he  plasma is  s m a l l ,  r s e  1 and the  condition ( 9 )  ie f u l f i l l e d  i n  a 
broad region of values  

We s h a l l  b r ing  f o r t h  a8 an example the  c h a r a c t e r i s t i c  values  for the 

a c t i v e  regions on the  Sun ( r e g i o n s  near sunspots),  The gradien t  of t h e  magne- 
t i c  f i e l d  near t h e  n e u t r a l  po in ts  reaches the values 

Y- -6 ho -0.1 - *10 . loa am 
A t  concentrat ion of plasma, consibt ing mainly of hydrogen, no = 10l1 em-3 
and temperature T = 1040K,  w e  obtain 

whereas the  c h a r a c t e r i s t i c  dis tance between spots ,  taken f o r  the uni ty ,  
c o n s t i t u t e s  a lo9 + 10 cm. Hence in d b e n s i o n l e e s  denotations 10 

The values assumed a t  computation of rs are apparently extreme. 
Thus, t he  gradient  of the magnetic f i e l a  may be by one order smaller. 
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7 But even in such a case the  c h a r a c t e r i s t i c  dis tance rB N 10 cm is found 
t o  be s i g n i f i c a n t l y  smaller  than the  d is tance  between egots,  and .consequent  
l y ,  t he re  exists a large i n t e r v a l  of values  of r s a t i s f y i n g  the  condi t ion 
(19). 

Assume now t h a t  t h e  cur ren ts  s h i f t e d  by a s m a l l  d is tanoe along 
the axis x *. Since in the region 
is quasi-free ( see the  equa t ion ( l2 ) ) ,  we may write at once the p o t e n t i a l  
of t he  displaced f i e l d  as fol lows:  

r b rs the f i e l d  of s h i f t e d  cu r ren t s  

Hence, we have near the n e u t r a l  point ,  w i t h  a prec is ion  t o  terms of t he  
order  8 

As may be seen from the comparison of (15) and (22), at such a displacement 
the  f i e l d  near the neu t r a l  point does not  vary, w h i l e  t he  p o t e n t i a l  gets 
a constant addition. -+ 

d - 9  L e t  u s  determine now the plasma displacement vector  
making use of the equations ( 6 )  and (13). Since at considered q u a s 2 t a t i o n a r y  
compression the s h i f t  3 i s  composed from i n f i e y  s m a l l  s h i f t 6  bJ across  
the l i n e e  of force ,  while by the s t r eng th  of (15) and (22) the  genera l  
p a t t e r n  is invar iab le  i n  time, the l ines  of plasma cu r ren t  c o n s t i t u t e  a 
family of curves orthogonal t o  the l i n e s  of force,  t h a t  is, a family of 
hyperbolae 

(3, t )  su r-ro. 

Subsequently, as a consequence of the  adhesion condition, we have ( see 
the equations (61, (15), (22) ) : 

2 2 2 
Y - * 2 - 2 2 g  3 : y o - x o  

The equations (231, (24) allow the expression of the  o r i g i n a l  coordinates 

* It is  also easy t o  take into account the  a r b i t r a r y  v a r i a t i o n  of cur ren t  
magnitude. Inasmuch as t h e  r e s u l t s  do not  change in essence, we s h a l l  lMt 
ourselves  t o  the ind ic t ed  simplest  case. 
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particle and thos dotermine =o' yo 
the  vec tor  

Here we took the  pos i t i ve  value of the  radical on account of the  condi t ion of 
m a t e r i a l i t y  of the  coordinates X ~ , Y ~ .  

The displacement determined by the expressions ( 2 5 )  i s  such that  the 
l i n e s  of force,  having crossed t h e  axis x at po in t s  0 ,  #, @, w i l l  occupy 
the  p lace  of the  l i n e s  of force having crossed the axis y r e s p e c t i v e l y  at 
t h e  po in t s  , , 0 ( see Fig. 2 i n  t h e  region r >> rg). 

magnetic f i e l d  r e f e r ,  first of all, only t o  the region r >> rs, for which 
the condi t ions  (7) and (9) a r e  f u l f i l l e d .  Secondly, regions of  s t rong  plaema 
compression may emerge i n  the process of displacement. In  such reg ions  the  
condi t ions (71, ( 9 )  may be dfsrupted and consequently, the  expressions (22) 
and ( 2 5 )  w i l l  be inappl icable .  

cur ren t  not  taken i n t o  account in the expreseion (21). Such cu r ren t s  w i l l  
d i s t o r t  t he  s h i f t  p a t t e r n  in t h e  region r ,<fi 

e s t a b l i s h  t h e i r  exis tence w i t h  the  a i d  of the cont inui ty  equat ion ( 5 ) .  
Computing the jacobian of the  transformation from coordinate6 

coordinates  x ,  y, from (5) and (23) it is. easy t o  obta in  : 

The obtained displacement p a t t e r n  of plasma and of the  froeen-in 

Thirdly, there  may appear a t  f i e l d  deformation regionrs wi th  s t rong  

As t o  regions of s t rong  plasma compression, i t  is not d i f f i c u l t  t o  

xo,  yo t o  the  

2 
(26) pcx,  y) D ( x o s a )  I +  = 

Po D ( x ,  y) V(X2 * $12 + 46 (2 i. $1 + 462 

A s  f O l l O W 8  from (261, i n  the  region 

the  s h i f t  leads t o  plasaa  r a re fac t ion  with i t  being g rea t ea t  in t h e  region 
of smal l  r (r2e  $1, when 
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2 I n  the region y > x 2  + b 
at  the same time, at the poin ts  

the plasma cont rac ts  and its densi ty  increases;  

x r o ,  y = ,  + f iS  ( 2 9 )  

the  dens i ty  passes  t o  i n f i n i t y .  I n  the v i c i n i t y  of these poin ts  the condi- 
t i o n s  (71, ( 9 )  are dusrupted and the t r u e  deformation w i l l  d i f f e r  from the 
one found above. The character  of displacements i n  these regions may be de- 
termined u t i l i z i n g  the "freeze-in" condi t ion of the  l i n e s  of force  and t ak ing  
i n t o  account t h a t  i n  the course of the  phase of r ap id  t ransverse cont rac t ion  
t h e  plasma has no time t o  s h i f t  subs t an t i a l ly  along the f i e l d .  In these assump- 
t i o n s  the  deformation of the magnetic f i e l d  haa the shape ind ica ted  i n  Fig.2; 
the reg ions  of s t rong  plasma compression are shown by double shading. F i g . 2  
corresponds t o  cu r ren t  rapprochement ( 6 > 0). When cu r ren t s  d r i f t  away from 
one another,  < 0, see  (211, (25) 3, t he  p a t t e r n  d i f f e r s  by the r o t a t i o n  
by the  angle It/2. In t h e  la t ter  case the  regions of s t rong  plasma dens i f i -  
ca t ion  and the regions of d i s s ipa t ion  ( see  the following poin t )  w i l l  l i e  on 
the l i n e ,  connecting the  i n i t i a l  currents. 

3. -DYNAMIC DISSIPATION OF THE MAGNETIC FIELD 

Let  us now consider t h e  s i t u a t i o n  occurr ing in the  n o n t r i  i a l  region 
x a*. The q u a l i t a t i v e  f i e l d  deformation p a t t e r n  I n  t h i s  region, based on 
the  f reeze- in  proper t ies  and the cont inui ty  of the l i n e s  of fo rce  is drawn 

in Fig. 20 

The only th ing  important for t he  forthcoming is the fact  t h a t  the 

e n t i r e  magnetic flux, having crossed the  axis x in t h e  region 0 < x <'fi 
(for def in i t eness  we s h a l l  consider the right-hand half-plane x >O), t h a t  is, - A0 (0, 0 )  - Ab (fi 9 0) =hog (30) 

w i l l  be now included in s ide  the band x O r s  w i t h  l i n e s  of force  creeping 
along t h e  axis yo That is why, by order  of magnitude, the gradient  of t he  

deformed f i e l d  i n  t h i s  region w i l l  be 

(31) hob 
I- 

H Qi 
= rG = r T  

The extension of t h i s  region of contracted f i e l d  ( region of Fig.2 



shaded hor izonta l ly)  along the axis y, taking i n t o  account the  divergence 
of the  l i n e s  of force  with the d r i f t i n g  away from the  point  y- rg,may 
also be taken equal t o  rs. 

cont rac t ion  rises by 8 / r$ times. On the other  hand, i n  the region 9 < $ 
the  dens i ty  of  t he  medium decreases by 3 / 2 8  times, as t h i s  could be seen 
above (see (28). S t r i c t l y  speaking, t h i s  r e s u l t  can no longer by appl ied t o  
the  region of  magnetic contraction, inasmuch a6 i t  was obtained in the  assump- 
t i on  of i dea1 ,cu r ren t l e s s  deformation. It is however easy t o  eee t h a t  such 
an est imate  of plasma ra re fac t ion  may only overrate  the  r e a l  dens i ty  in the  
region of magnetic contract ion,  inasmuch as the entrapment of the l i n e s  of 
fo rce  near the neu t r a l  po in t  ( i n  the region r 4 rs) 
gas inflow i n t o  the magnetic contract ion region. A t  the  same time, t he  plasma 
outflow along the axis y as a r e s u l t  of its car ry ing  from the  upper t o  the 
lower quadrants by the l i n e s  of force remains about t he  same as i n  the i d e a l  

p a t  t e r n  . 
r a t i o  i n  t h e  region of magnetic contract ion ( 1x1 Sr,, rs $ 1 ~ 1  efl) is b y  

order  of magnitude equal t o  

A s  may be seen from (3l), the  f i e l d  gradient  in the  region of magnetic 

only diminishes the 

Therefore, the c h a r a c t e r i s t i c  f i e l d  gradient  t o  plasma concentration 

The p r inc ip l e  r o l e  of t h i s  value c o n s i s t s  in t h a t  i t  is d i r e c t l y  
r e l a t e d  t o  the ve loc i ty  of charge c a r r i e r s  and i t  allow8 t o  e s t a b l i s h  the  
absolute  c r i t e r i o n  of freeze-in disrupt ion*.  I n  r e a l i t y ,  by the  s t r eng th  of 
the  quas is ta t ionary  equation 

+ 4n+ 4, 
r o t H  = - j t- Zh,e$& 1 

C c t  

determining in the mapetohydrodynamics the densi ty  of the  e l e c t r i c  cur ren t ,  
t h e  ind ica ted  r a t i o  h/n cannot exceed the  obvious l i m i t  

(33) h 
n - ( 4 a e  

Here 
a t  s u h c i e n t l y  high ionizat ion,  9 is approximately equal t o  the  concentra- 
t i o n  of the plasma. 

I f  the condition (33) is disrupted i n  any region, t h i s  implies  t h a t  

ni = n is  the charge concentration of both signs in the plasma; 

* see  the inf rapagina l  note next page.. 



even a t  r e l a t i v i s t i c  v e l o c i t i e s  of a l l  charged p a r t i c l e s  the  medium will 
no t  ensure the cur ren t  dens i ty  required for quasi- s t a t i o n a r y  preservat ion 
of f i e l d  gradients.  I n  these conditions the  assumption, u t i l i z e d  in magneto- 
hydrodynamics, of the smallness of s h i f t i n g  cu r ren t s  is already inapplicable.  
By the  s t r eng th  of the a f f ec t ed  equations 

T 
1 a i  

C c b t  ' c a t  
+ 

r o t E  = - -.- r o t  E =  + &$+ - .  1 &  

there  appears an induct ion e l e c t r i c  f i e l d  E. Its appearance 
important consequences. 

l eads  t o  two 

First, t h i s  f i e l d  i s  not d i r e c t l y  connected with plasma displacement 
and i t  may already appear i n  a system of coordinates t h a t  is f ixed  r e l a t i v e  
t o  plasma. This implies  the disrupt ion of the  faeeze-in property,  which is  
fundamental f o r  magnetohydrodynamics and amounting t o  the  condition of absence 
of e l ec t r i c  f i e l d  i n  the coordinates l inked  with t h e  conducting medium. The 
d i s ru tp ion  of the f reeze- in  property implies  the  p o s s i b i l i t y  of l i n e  of fo rce  
s l i d i n g  r e l a t i v e  t o  the  medium, their in te r locking  and  so for th .  It is impor- 
t a n t  t h a t  i n  the case considered these processes are not l inked  with the  
Joule  d i s s ipa t ion  and they may take place i n  a c o l l i s i o n l e s s  p l a n a .  

Secondly, the e l e c t r i c  f i e l d  is  d i r ec t ed  along the cur ren t  7 and 
thus performs a pos i t i ve  work over the charged p a r t i c l e s ,  increas ing  t h e i r  
energy. This  i s  p rec i se ly  the process t h a t  assures  the transformation of 
mzznetic energy i n t o  the k i n e t i c  energy of p a r t i c l e s ,  t h a t  is, a s o r t  of 
pecu l i a r  'magnetic f i e l d  d i s s ipa t ion  which we s h a l l  designate a8 dynamic d i s -  
s ipat ion.  The d i s t i n c t i o n  from the  Joule d i s s ipa t ion  cons i s t s  i n  the f i r s t  
place i n  t h a t  i n c a s e o f  dynamic d iss ipa t ion  the re  is no simple p ropr t iona l i t y  
between the  cur ren t  j dens i tyand the  i n t e n s i t y  of t he  e l e c t r i a  f i e l d  E**. 

* [from the preceding page].- S t r i c t l y  speaking, the representa t ion  of the  
freeze-in process is  already disrupted at any f i n i t e  conduct ivi ty  of the 
medium. The l i n e s  of force  ftmovelt then r e l a t i v e  t o  the medium with a ve loc i ty  
dependent on medium's conduct ivi ty  C93.When the  c r i t e r i o n  [33] is not  fu l -  
f i l l e d ,  t h i s  ve loc i ty  a t t a i n s  its maximum possible  value (equal  t o  the speed 
of l i g h t  p) 
* *  In the averaged equation of motion of a separate  p a r t i c l e  dp / d t  z - p+ Ee,  
where p -  i s  the p a r t i c l e  impulse, - $ V i s  the dynamic f r i c t i o n  force ,  the 
i n e r t i a l  term d p / d t ,  which i s  neelected i n  case of Joule d i s s ipa t ion ,  begins 
t o  play an e s s e n t i a l  ro le .  

- 

and the represne ta t ion  of freeze-in is absolu te ly  inval id .  



A t  d i s rupt ion  of the condition (33) the  cur ren t  dens i ty  reaches the  eatura- 
t i o n  whi le  the  f i e l d  energy is expended on the increase  of the t o t a l  rela- 
t i v i s t i c  energy of p a r t i c l e s  E - d-4. m e  acce lera t ion  of par- 
t i c l e s  takes place along the zero l i n e s  (a long the axis 81, forming i n  
the  regions of magnetic contraction. Another important circumstance here  
is t h a t  the  motion of p a r t i c l e s  along the  n e u t r a l  l i n e s  is s teady  [17], 
namely, at  p a r t i c l e  de f l ec t ion  the magnetic f i e l d  r e tu rns  it t o  the n e u t r a l  
surface, a8 t h i s  is c l e a r  also from the  d i r e c t  considerat ion of the Lorents 

e 
force  ~381. 

Taking i n t o  account the expression (32) we s h a l l  wr i t e  the  condi t ion 
f o r  dynamic d i s s ipa t ion  i n  the  form 

(34) i2 3 4 n e  
no re 

The condi t ion (34) is, by i ts  own sense, extreme, r equ i r ing  t h e  

acce le ra t  n of all p a r t i c l e s  t o  r e l a t i v i s t i c  energies. In r e a l i t y ,  the 

acce lera t ion  of p a r t i c l e s ,  and of e l ec t rons  i n  the first place,  w i l l  take 
place too at  s i g n i f i c a n t l y  s o f t e r  conditions,  when the dynamic d i s s ipa t ion  
of t he  f i e l d  is l i n k e d  in essence with the w e l l  known phenomenon of escape 
of p a r t i c l e s .  

condi t ion (341, we s h a l l  take asvantage of the expression f o r  the c r i t i c a l  
e l e c t r i c  f i e l d  C183 

In  order  t o  der ive t h e  condition, s u b s t i t u t i n g  in t h i s  case the 

where L 
and l e t  

where j 

4 r r r e 3 ~ n  
9 

%T Ecr - 
is the Coulomb logarithm, T is the temperature of the  plasma, 

u s  estimate the s t r eng th  of the  

The condi t ion of t o t a l  p a r t i c l e  

e l e c t r i c  f i e l d  in the plasma as 

( KT)’~ is the  plasma conductivity.  
escape then is 
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As may be seen from the comparison of (34) and (35), the condition 
4 f o r  t o t a l  p a r t i c l e  escape at  standard temperatupes T -10 O K  is substan- 

t i a l l y  weaker than the condition (34). 
A more de ta i l ed  consideration of p a r t i c l e  accelerat ion,  maximum 

acquired ener  y and o ther  questions connected with i t ,  w i l l  be given e l se-  
where. Here w e  s h a l l  only pause a t  the  estimate of the t o t a l  
d i s s i p a t i n g  in the cont rac t ion  region and of t he  mean energy 
pa r t i c l e s .  

The energy, concentrated i n  the m a e e t i c  cont rac t ion  
be estimated, a8 is c l e a r l y  seen from the  above, by assuming 
have a c ross  sec t ion  of the order -r: and be equal  t o  

Hence 

T h i s  quant i ty  may be i n q u i s i t i v e l y  compared with the  
performed at cur ren t  displacement 

magnetic energy 
of accelerated 

region, may 
the  f i e l d  t o  

(36) 

t o  t a1 work 

where E1 ce: ho / 4 

t ra ted  i n  the  contract ion region of dimension -re a f r a c t i o n  
l i b e r a t i n g  energy. The remaining energy i s  expended on gas compression i n  
the  region y-m and the deformation of the  f i e l d  i n  the surrounding 
space. 

is the f i e l d  of the first cur ren t  near the second. 
As may be seen from the comparison of (36) and (371, there is concen- 

of t he  t o t a l  

The t o t a l  quant i ty  of gas, ca r r i ed  by the f i e l d  i n t o  the  region of 
magnetic contract ion fa estimated as follows. A l l  the  gas from t h e  s e c t o r  
near the axis x, bouded by the  t r a j e c t o r i e s  y 2 rz/ x 

is  assembled i n  the region of magnetic contraction. That is why 
and y = 0 ( a t  id<=) 

A t  f u l f i l lmen t  of d e  condition f o r  dynamic d i s s ipa t ion  (34) o r  (35), 
t h e  energy (36) is expended on t h e  acce lera t ion  of pa r t i c l e s .  By the  s t r eng th  
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of (36) and (38) the mean energy per p a r t i c l e  af ter  d i s s ipa t ion  of the  en- 
t i r e  energy WM c o n s i t i t u t e s  

L e t  08 consider now the temporal c h a r a c t e r i s t i c s  of the  process. 
The above est imates  a r e  va l id  i f  during the time of t h e  process, we 

which we s h a l l  denote by f , t h e  gas dynamical plasma flow along the l i n e s  
of force  lacks the  time t o  equalize the pressure i n  the considered region. 
Inasmuch as the  quant i ty  of gas i n  the c e n t r a l  region, of -no ri, is s m a l l  
by comparison wi th  the amount o f  plasma ca r r i ed  i n t o  the d i s s ipa t ion  region 
by the magnetic f i e l d ,  we may neglect the  inf low from the  c e n t r a l  region. 
It is important t h a t  the  plasma Inflow from the  region 
t o  ma te r i a l i ze ;  hence the  necessary condition 

r ~ G h a v e  no time 

T h i s  condition implies  that  the  displacement of f i e l d  s o u ~ c e 8  (bas i c  
cu r ren t s )  by the  distance 6 must take plaoe with a ve loc i ty  

Inasmuch as the motions in the  region of a s t rong  f i e l d  take place 
with a magnetohdrodynamic ve loc i ty  VA 8 ae a r u l e ,  the condition (41) 
may be considered as p r a c t i c a l l y  always f u l f i l l e d .  

4. -DYNAMIC DISSIPATION IN THE REGION OF SOLAR FLARES 

Let us apply the r e s u l t s  obtained t o  the  s o l a r  flare event. We s h a l l  

m a k e  use for the estimates the  following values of temperature, magnetic 
f i e l d  gradient  and of the c h a r a c t e r i s t i c  dis tance a : - 

no = 1ollcm-3 ; T = 1040~; u = 1 0 I O c m  ; 

(42) ouy 6 = 0.1 8- z 10-6 km cm 
2 1 0 4  a = 2 e 1 0  6 cm). 

6 = 10 cm/sec; ho 

rg cc/ 3 10-8 (re 

It follows from t h e  c r i t e r i o n  (34) t ha t  the r e l a t i v i s t i c  dynamic 
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d i s s i p a t i o n  

t h a t  is, at 

sets  in f o r  t he  displacement8 

(43) 

By the s t rength  of (40) and (411, the c h a r a c t e r i s t i c  t h e  of t he  

process  and the ve loc i ty  of spo t  displacement m u s t  be 

The s h i f t  of t he  spo t s  by one t en th  of a percent of the dis tance 
between them and the corresponding times and v e l o c i t i e s  are q u i t e  acceptable 
from the viewpoint of the  avai lable  observations. It should then be borne 
in mind t h a t  t he  u t i l i z e d  values  of  - h and - a are most rather extremal, 
and the c h a r a c t e r i s t i c  time 
of fas t  p a r t i c l e s ,  while the process of o p t i c a l  f l a r e  development may be 

(see (45) ) is r e l a t e d  t o  the generat ion s tage  

slower 
For less  

parameters being 

5 + 0 0 2  

favorable conditions, when h 

the same as in (421, we have 

t ee'<<5 103; v s5 .105 .  (46) 

0.01 fz, t h e  remaining 
km 

L e t  u s  note here t h a t  the  t o t a l  escape of p a r t i c l e s  (and first of a l l  
4 of e lec t rons )  s e t s  i n  at T -10 (see (35)) at displacement by about one 

order  lesser . 
Therefore, fast e l ec t rons  a re  generated i n  the  ao t ive  regions of 

the Sun comparatively e a s i l y ;  a8 is w e l l  Paown, these e l ec t rons  a re  respon- 
s ib l e  f o r  bu r s t s  of X- and r a d i o  emission. Because of harder condi t ions,  
there are, but SUbStantially more seldom, f la res  where r e a l t i v i s t i c  p a r t i c l e s  
a re  generated. For such f la res  there must e x i s t  s t rong  f i e l d  grad ien ts  and 
s u b s t a n t i a l  spot  s h i f t s .  The cause of such s h i f t s  must be sought for in 
t he  i n s t a b i l i t y  of  spot  configuration occurr ing a t  t h e i r  emersion, and i n  
the hydromagnetic waves appearing at such an emersion. 
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L e t  1~ now estimate the  energy l i b e r a t i o n  and the number of accele- 
r a t e d  p a r t i c l e s  for the  i n i t i a l  values of (42), From the expressions (36) - 
(39) we obtain,  t ak ing  i n t o  account t h a t  the  extension of the region of acce- 
l e r a t i o n  along the  axie i s  by order  of magnitude equal t o  t h e  d is tance  8 

between the  sources, 
.- 

- energy passing i n t o  fast  p a r t i c l e s  

wM N103lerg ; - number of acce lera ted  p a r t i c l e s  
N rcl 1034; - mean energy of p a r t i c l e s  

9 - 10 erg N 10 ev. 
b E = = - -  -3 
I 

Comparison of the expressions (36) and (37) shows t h a t  a comparative- 
l y  s m a l l  f r a c t i o n  of energy departs f o r  the acce lera t ion  of fas t  p a r t i c l e s .  
A s i g n i f i c a n t  p a r t  is expended on plasma compression, It should be noted 
here, first of all, two regions of s t rong  plasma compression near the p o i n t s  
y = km . Such a compression, leading t o  v a r i a t i o n  of the  ion iza t ion  equi- 
l i b r i u m ,  may be one of the causes of r a d i a t i o n  observed in flares. 

A t  subsequent s tages ,  when gas dynamics processes begin6 t o  p lay  a 

ro l e ,  which l e a d  t o  pressure equal iza t ion  along the  l i n e s  of force,  there 
occur plasma flows, mostly along the l i n e s  of force. These flows may apparent- 
ly be i d e n t i f i e d  w i t h  the  observed e j e c t i o n s  and prominences. 

Thus, t he  above consideration allows t o  c l a r i f y ,  at  least  q u a l i t a t i -  
vely, t he  conjunction of events taking place a t  solar f l a r e s .  

5o--ROm OF D m I C  DISSIPATION IN OTHER EVENTS 

In s o l a r  f la res  the  f i e l d  sources,  t h a t  is, the sunspots,  hold on 
by fo rces  t h a t  are ex te rna l  r e l a t i v e  t o  the  region under consideration, 
The gas pressure i n  denser  sub-photospheric l a y e r s  and the g rav i t a t ion  
a re  such forces.  Prec ise ly  because of t h a t  the requirement (7) my be prac- 

t i c a l l y  f u l f i l l e d  f o r  a c e r t a i n  length of time. 
The pos i t ion  is d i f f e r e n t  f o r  such ob jec t s  as supernovae, the  

exploding g a l a c t i c  nuc le i  and radiogalaxies ,  In these ob jec t s ,  the magnetized 
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plasma is i n  a state on in tense  chaot ic  motion. Here sueh q u a a i s t a t i c  sour- 

ces  of t he  f i e l d , =  the Sun ie,no longer e x i s t ,  However, t he  f i e l d  i r regu-  
l a r i t i es ,  the d e n s i t i e s  and the magnetized gas clouds etc., se rve  "de facto"  
as f i e l d  tlsourceen a t  chaot ic  flow of plasma. The diprtinction from the con- 
d i t i o n s  near sunspots cons i s t s  only i n  t h a t  the favorable s i t u a t i o n  f o r  the  

dynamic d i s s ipa t ion  se t s  $n only casua l ly  and b r i e f l y  i n  var ious por t ions  
of turbul ized  plasma. A t  s u f f i c i e n t l y  in tense  motions in such s e c t o r s  high- 
e n e r m  cosmic r a y s  may be generated. In such a scheme one circumstance is 
c l a r i f i e d  ou t r igh t ,  namely t h a t  i f  the dimensions of the system are grea t  
and the emergence from i t  of f a s t  p a r t i c l e s  takes  place slowly by comparison 
wi th  the  ve loc i ty  ( r a t e )  of t h e i r  generation, t he re  takes p lace  an accumula- 
t i o n  of cosmic rays. This accumulation of fast p a r t i c l e s  may proceed only 
up t o  the  moment of time, when the pressure pcr = w ~ ~ / ~  is still 6 U f f i -  

H2 
E *  c i e n t l y  s m a l l  by comparison with the magnetic pressure p~ Z wH = 

I n  the  opposi te  case the  pressufe of cosmfc rays,  which m u s t  also be taken 
i n t o  account in (71, will s t o p  the above-considered process of dpamic  d is -  
s ipa t ion .  Thus, the earlier-adopted assumption [19] about the preservat ion 
i n  the process,of p a r t i c l e  escape from the quasi-equilibrium s ta te  

wcr - % - "turb * (47) 

is n a t u r a l l y  f i n d i n g  i n  this scheme i ts  j u s t i f i c a t i o n .  
Here, the first p a r t  of t h e  co r re l a t ion  stems from the above consi- 

dera t ions ,  and the second (wturbi which is t he  densi ty  of plasma's k i n e t i o  
energy) stems from magnetohydrodynamics c201. 

c e r t a i n  objec ts .  

r a d i o g a l a r i e s  we dispose of incomparably poorer information than for s o l a r  
f l a r e s .  I n  the  first place t h i s  r e f e r s  t o  information about the  s c a l e  of 
i r r e g u l a r i t i e a  and the  magnitude of f i e l d  gradients.  That is why a d i r e c t  
app l i ca t ion  of formulas (34) and (35) is  bese t  with d i f f i c u l t i e s .  

Let us  now pause a t  concrete appl ica t ion  of the c r i t e r i o n  (34) t o  

For such events as b u r s t s  of supernovae, of g a l a c t i c  nuc le i  and 

Under these conditions we may take advantage of the fol lowinc ideas.  
Assuming by the order  of magnitude of ho = Ho /a, where H, is the character-  
i s t i c  value of magnetic f i e l d  i n t e n s i t y ,  u t i l i z i n g  the expression (171, and 
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passing t o  the  usual d h e n s i o n a l  quan t i t i e s ,  we ob ta in  from (34) 

Note tootthat inasmuch as we considered only the  given cu r ren t s  and 

the flow of plasma across  the  f i e l d ,  t he re  w a s  no necess i ty  above t o  requi re  
t h a t  t he  length  of the  free path 

(49) 4 T2 
n 

X." 2.10 - cm 

(we assume the  Coulomb logarithm to be equal  t o  Lr! 20) be less  than all 
the  d is tances  considered, If we now take i n t o  account t h a t  t he  displacement 
of i n i t i a l  cu r ren t s  and t h e i r  very exis tence  we l inked  w i t h  the  dynamics 
of the gas, we must  requi re  t h a t  the l i m i t a t i o n  

be f u l f i l l e d .  Taking i n t o  account the feeble dependence of the c r i t e r i o n  
(48) on 2, we may pos tu la te  as an indispensable condition < a. A t  the 

same t i m e  the  condition for dynamic d i s s ipa t ion  takes the form 

For subsequent es t imates  we s h a l l  take as still another admissible 

value 

SZ- 0.1. 
Then 

H5 0 > 10'32n,2 T4* 

We s h a l l  apply t h i s  c r i t e r i o n  t o  various events and ob jec t s  i n  which 
generat ion of fast p a r t i c l e s  is ac tua l ly  observed, o r  may be assumed. 

1.-Supernovae.-Crab Nebula, 

L e t  us  assume f o r  the nebula supernova s h e l l s  of value no 4 1 0  
and T Z  lo4, For the fu l f i l lmen t  of the  c r i t e r i o n  (52) i t  is then required 
t h a t  

Bo a 2 - 10-3 gauss, a -A - cm. 
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Such a value of f i e l d  s t r eng th  is i n  accord with radioastronomical 
observations.  The Crab Nebula is known t o  be a powerful generator  of rela- 
t i v i s t i c  p a r t i c l e s ,  w i t h  t h i s  generation still  present ly  t ak ing  place. 
This  last circumstance is evidenoe t h a t  t h i s  nebula, o r  at l e a s t  its c e n t r a l  
pa r t ,  are i n  a state of in tense  turbulent  motion. 

2. - I n t e r s t e l l a r  Space. Ionised ReRions. 

Here no= 1, T z  lo4 and i t  would be necessary t o  have 

Ho ) r '6  10 -4 gause, a - - 1 0 ~ c r n .  

I n  the  i n t e r e t e l l a r  space the f i e l d  is s i g n i f i c a n t l y  less. The nonfu l f i l l ed  
c r i t e r u n  ( 5 2 )  agreesbell wi th  t h e  conclusion of absence of i n t e r s t e l l a r  awe-, 

l e r a t i o n  c11. 
f i e d  f o r  the galactic ha lo  either,  when the dens i ty  is no= 3 0 loo3 and 
the  f i e l d  is H, N 3 loo6 gauss, 

It is easy t o  a sce r t a in  tha t  the  c r i t e r i o n  ( 5 2 )  is not eatis- 

3. - Rad1ogalaxies.- Cygnus A 

Assuming f o r  the mean desni ty  no -10-l + loo2 and the temperature 
4 T 10 , we obta in  

13 14 a - A  - 10 + 10 cm. -4 H o Y 1 + 3 * 1 0  , 
It follows from radioastronomical data t h a t  f o r  the radiogalaxy 

-4 
CY-- A 

H, 2 10 

4. - Emlodinjr Galact ic  Nuclei and Quasars. 

For these ob jec t s , t he  dePsi ty  and mainly the regions where genera y:nf 
p a r t i c l e s  takes place,  are unknown. Taking according t o  C21], 

5 15 4 no - 10 + 10 , T - i o  + 105, 
we s h a l l  ob ta in  

Bo )r, 6 loo2 + 4 103 
F ie lds  of such magnitude may per fec t ly  emerge as a r e s u l t  of gravi-  

t a t i o n a l  cont rac t ion  of the i n i t i a l  magnetieed gas cloud ( ~ e e ,  f o r  example, 
c211 



5. - Earth's  Magnetosphere and its Magnetic Train 

Assuming n -10, T - 3 -103, we ob ta in  the f i e l d  required f o r  the 
acce le ra t ion  of p a r t i c l e s  

Ho )r 6 lo4 - 60 y. 
I n  the g i  en case the charac e r i s t i c  dimension of 5 is determined 

by t he  f l o w  p a t t e r n  of s o l a r  wind pas t  t he  Earth,  and i t  may be 4 A, The 
obtained values  of H, are g rea t e r  than the values observed i n  the t r a i n  [4] 
which are Ho 6 20y, p a r t i c u l a r l y  i f  we take i n t o  account t h a t  t he  tempera- 
ture of t he  plasma may be higher:  T Z 1 0  4 OK, That is why, we cannot expect 

here  the appearance of r e l a t i v i s t i c  p a r t i c l e s .  Alongside with t h i s ,  by the 

s t r e n g t h  of the  weaker c r i t e r i o n  (351, the conditions f o r  t o t a l  escape of 
e l e c t r o n s  are already r e a l i z e d  at Ho320Y, It is q u i t e  natural. t o  expect 
t h a t  t h e  observed appearance i n  the t r a i n  of fast  e l ec t rons  E], p a r t i c u l a r l y  
during magnetosphere dis turbances,  is conditioned by the  dynamic d i s s ipa t ion  
of the f i e l d  near the  n e u t r a l  surface i n  the t r a in .  A t  the  same time, the 

requi red  s h i f t  of f i e l d  t*sourcestt is induced by the per turba t ion  of t he  t r a i n  
by s o l a r  corpuscular streams. 

60 - Laboratory Plasma. 

For a dens i ty  no and T - lo5, t h e  dynamic d i s s ipa t ion  is  
r e a l i z e d  i n  a f ie ld  Bo >24 lo3 a t  a, - X ycr 0.2 om, 
ance i n  s t rong  discharges of neutrons and of ha rd  r a d i a t i o n  may be explained 
by dynamic d i s s ipa t ion  of t h e  magaetic f i e l d  at  rapprochement of p a r a l l e l  
s e c t o r s  of  the cur ren t  i n  an unsteady, s t rong ly  twisted s t r i n g ,  and a l s o  at 
de f l ec t ions  of discharge's cord f rom axial symmetry, 

The observed appear- 

* *  
C O N C L U S I O N  

As may be seen from the preceding, the dynamic d i s s ipa t ion  mechanism 
c o n s t i t u t e s  in i t s e l f  the  r e q u i r e d l i n k ,  which allows the connection of t he  

observed r ap id  changeover of magnetic f i e l d  w i t h  t he  appearance of acce lera ted  
p a r t i c l e s  i n  a nonstationary plasma, Given above were only t h e  rough estima- 
t e s  of the b a s i c  c h a r a c t e r i s t i c s  of the process;  They r equ i r e  ref ining.  
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IVuPaeroae quest ions still rem& i n s u f f i c i e n t l y  c l a r i f i e d .  In the  
first place here belongs t h e  descr ip t ion  of motion in the region N F ~  

the  n e u t r a l  point ,  and also the descr ipt ion of subsequent s t a g e s  of the  pro- 
cess, which is l inked  with the  so lu t ion  of q u i t e  complex a magnetohydrodyna- 
mic problem, 

Let us enumerate here the c i r c l e  of problems t h a t  emerge in connect- 

1) s t r i c t  so lu t ion  of the  nonstationary magnetohydrodynamic problem; 
2) so lu t ion  of the e?-ectrodynamic problem i n  the region of ttfreeze-in" 

3) d i s t r i b u t i o n  of acce lera ted  p a r t i c l e s  by energies;  
4 )  accounting of dynamic d iss ipa t ion  i n  the magnetohydrodynamic tu r -  

5) nuclear content o f  accelerated p a r t i c l e s  in a multicomponent 

near 

ion  w i t h  t he  dynamic d i s s ipa t ion  event :  

d i s rupt ion;  

bulence theory; 

plasma, 

The so lu t ion  of these questions w i l l  r equ i r e  numerous e f f o r t s .  Never- 
t he l e s s ,  the fundamental conclusion of the fact  t h a t  regions w i t h  large f i e l d  

g rad ien t s  may emerge in nonstationary plasma wi th  a simultaneous high plasma 
r a r e f a c t i o n  (and t h i s  may p r e c b e l y s e r a e  as acause of fast  p a r t i c l e  generat iod.  
will allow, as one may hope, t o  c l a r i f y  a t  t h i s  time already a s e r i e s  of 
quest ions of magnetohydrodynamics, physics of cosmic rays  and of space in 
general. 

T H E  E N D  *++ 
Contract No. NAS-5-9299 
Consul tants  & Designers, Inc. 

Translated by ANDRE L. BRICHANT 
on 1- 3 March 1966 



Fig. 2 



26. 

R E F E R E N C E S  

1. 

2. 

3. 
4. 
5. 
6. 

7. 
8. 

9. 

10. 

11. 
13. 

12. 
14. 

15. 
16. 
17. 

18. 
19. 
20. 
21. 

S. I. SYROVATSKIY. Proiskhozhdeniye kosmicheskikh 

F. N. BYRNF, M. A. ELLISON, J. H. REID. Sp. Sci. Rev., 3, 319-41, 
1964. 

Y. G. ROEDERER. Sp. Sci. Rev., 3, 487-511, 1964. 
N. F. NESS. J. Geophys. Res., 70, 2989, 1965. 
K. A. ANDERSON. J. Geophys. Res . ,  70, 4741-63, 1965. 
L. A. ARTSIMOVICH. Upravlyaemyye termoyadernyye reaktsii .  F izmat -  

E. N. PARKER. Astrophys. J. Suppl., 8, No. 77, 177-212, 1963. 
K. DE .YAGER..Stroeniye i dinamika atmosfery Solntsa. IL, str. 183-87, 

DZH. DANZHI. Kosmicheskaya elektrodinamika. Gosatomizdat, str. 112, 
141, 1962. 

A. B. SEVERNYY. 

S. I. SYROVATSKIY. Astron. zh., 39, 987, 1962. 
L. M. SHUL'MAN. 

luchey. Izd-vo A. N. SSSR, 1963. 

giz, Moskva, 1961. 

1962. 

Astron. zh. , 35, 335, 1958; Izv. Krymskoy astrofiz.  
obs. 20, 22, 1958. 

V sb. "Problemy magnitnoy gidrodinamiki i kosmiches- 
koy gazodinamiki. Izd-vo NAUKA, 
str. 70, 1964. 

A. B. SEVERNYY. Astron. zh., 39, 990, 1962. 
P. A. SWEET. Intern. Astron. Union Symposium, 6,123-24, 1958; Suppl. 

H. E. FETCHEK. - Annihilation of the Magnetic Field, Prepr in t ,  1964. 

T. W. SPEISER. Doklad na mezhdunarodnoy konferentsii PO kosmicheskim 

D. V. SIVUKHIN. V sb. Voprosy teor i i  plazmy, 4 Atomizdat s. 164, 1964. 
S .  I. SYROVATSKZY. ZHETF, 40, 1788, 1961. 
S. I. SYROVATSKIY. UFN,  62, 247, 1957 
V. L. GINZBURG, L. M. OZERNOY. ZhETF,  47, 1030, 1964. 

NuovoCim.,  8, No. 2, 188-96, 1958. 

R. G. GIOVANELLI. - Mo. Not. T. 107 378, 1947; 108 163, 1948. -' -' 
lucham, London 1965. 

-- 

Received for preprinting on 8 Nov. 1965 
150 pamphlets 



ST - PF - SP - CR - IGA - 10 452 C28 pp. 60 cc 3 

GODDARD SPACE F o C e  

100 
110 
400 
610 
611 

612 

613 

614 

615 

640 

630 
620 
252 
256 

CLARK, TOWNSEND 
STROUD 
BOURDEAU 

McDOUIS 
A B R A " ,  BOIJX! 

MEREDITH, SEDDON 

GUSS, KNIFFElO 
CLINE,  F I C H T E L  
VKB, WIUIAHS 
KONRADI, H O W  
SERLEMITSOS 
HEPPNER 
NESS 
CAIN 
S U G I u a A ,  SCEARCE 
KUPPERIAN 
BOGESS 111, M I U I G A N  
MEICHER, DO" 
WHITE 
HALLAM 
FROST, WOLFF 
BEHRING 
BAUER 
GOISBERG, HERMAN 
IJlAIER, STONE 
HESS 
MEAD, MAEDA 
NORTEIROP, NAKADA 
CAMERON, SPEISER 
STERN, JONES 
BURLEY 

SPENCER 
LIBRARY 
FREU 

G I  for  SS c3 3 

D I S T R I B U T I O N  

N A S A  HQS 

SS NEWELL, HAUGI8 
MITCHELL 
SCHARDT, SCHMERLING 
DUBIN 
R O W ,  SMJYH 

RRm 
FELLOWS 
HIPSHER-HOROWITZ 

SL LIDDEL 

SM FOSTER 

RR KURZWEG 
RTR NEIU 
ATSS ROBBINS 
wx SWEET 

G I L L  

Ames R C  

SONETT 
LIBRARY 

L a R C  
160 ADAMSON 

J P L  
SNYDER, NEUGEBAUER 
mwBuRN 
WYCKOFF 
UN. IOWA 

VAN AIJXN 

185 WEATHERWAX 

- 

UCLA 
COLEMAN 
- 
SWCAS 
JOHNSON 
- 


